WEIDING METHOD FOR WEIiDED MESffiERS SUBJECTED TO FLUORIDE PASSIVZiTION 
TREATMENT, FLUORIDE PASSIVftTION RETREftTMENT METHOD, AND WELDED PARTS 

BACKGROUND OF THE INVENTION AND DESCRIP TTON OF T^KTATRD ATyi; 
Technical Field 

The present invention relates to a welding method for welded members 
subjected to fluoride passivation treatment, to a fluoride passivation 
retreatment method, and to welded products. 

Background Art 

In, for exarrple, semiconductor manufacturing lines, because a 
fluorine system gas is supplied in a stable manner over a long period of 
time in a fluorine syston gas supply line (chiefly, in fluorine system gas 
supply lines for excimer laser steppers)^ a fluoride passivated film is 
fomed on the inner surfaces of the piping parts which cooprise the 
fluorine gas supply system, . ^ ^ 

When macnbers to be welded (for exanple, piping, valves, and the 
like) \rt*iich are subjected to fluoride passivation treatment are welded 
together to produce a fluorine gas supply line, it has been discovered 
that the gas which is supplied from this fluorine gas supply line becomes 
contaminated with particles and dust {Figure 3)* 

When manbers to be welded which have fluoride passivated films 
formed thereon are welded, the fluoride passivated film disappears in the 
welded part. 



For this reason, there are occasions on which the durability with 
respect to fluorine systan gases (chiefly, fluorine and hydrogen fluoride) 
worsens. 

Thus, the reformation of a fluoride passivated film is conducted. 

However, when welding has been conducted, even if a fluoride 
passivated fi2m is agaija fo3aaed, the gas which is supplied from the 
fluorine gas supply line constructed using such welded meinbers is 
contaminated by particles and dust. Furthermore, it is not always the 
case that the decline in durability with respect to fluorine system gases 
can be overcome. 

OBJECT AND SUiyiMaRY OF THE INVENI I(M 

The present invention has as an object thereof to provide a welding 
method for meambers to be welded which are subjected to fluoride 
passivation treatment, and a fluoride, passivation retreatment method, 
which involve no generation of particles or dust, and ^A*iich provide 
superior resistance with respect terfliaorine sys tan gases, \Aien fluoride 
passivation retreatment is conducted after welding. 

In the welding method for members ico be welded which are siibjected 
to fluoride passivation treatment in accordance with the present 
invention, when the members to be welded, which comprise stainless steel 
subjected to fluoride passivation treatment, are welded, hydrogen is added 
to the gas (the back shield gas) which flows through the manbers to be 
welded. 

In the welding method for members to be welded which are subjected 
to fluoride passivation treatment in accordance with the present 
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iQvention^ the thickness of the fluoride passivated film in a 
predeteimned range from the butt end surfaces of the menibers to be 
welded, \ftdiich coit5)rise stainless steel subjected to fluoride passivation 
treatment, is set to 10 nm or less, and welding is conducted. 

Furthermore, in the fluoride passivation retreatment method in 
accordance with the present invention, after conducting the welding method 
described above, at least the welded portion is heated, and a gas 
containing fluorine gas is caused to flcM in the interior. 

The present inventors have assiduotisly searched for the cause of the 
generation of particles and dust even when fluoride passivation 
retreatment is conducted, and for the reason that the decline in 
resistance to fluorine system gases .cannot be overcome. - . .. 

The following points have been learned. These are that: (1) the 
inner surfaces of the metibers to be welded become rough in the vicinity of 
the welded part (Figure 1); (2) crystals of fluorides of iron and chromium 
are deposited (Figure 2); and (3) the fluoride passivated film melts 
diaring welding, fumas are generated from thi^ fluoride passivatai f ilm/ 
and the fumes thanselves become particles and dust and are deposited on 
the inner surfaces of the welded monbers. 

It is assumed that (1), (2), and (3) above are sources of 
contamination of the gas vMch flows through the fluorine gas supply lines 
constructed by welding. 

First, the present inventors assiduously looked for a welding method 
which made it possii)le to prevent roughness of the inner surface, and 
which did not involve the generation of deposits. 
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As a resxilt, it was discovered that, during welding, by adding 
hydrogen to the gas (the back shield gas) flowing in the meaibers to be 
welded, it was possible to prevent the occurrence of roughness on the 
inner surface, and to prevent the generation of deposits, and it was also 
possible to prevent the generation of fvsnes and to prevent their 
deposition onto the inner surface of the welded maribers; the present 
invention was arrived at on the basis of this discovery. 

Furthermore, it was discovered that: if, prior to conducting welding, 
the thickness of the fluoride passivated film within a range of at least 5 
mm from the butt end surfaces of maiibers to be welded conprising stainless 
steel s\±>jected to fluoride passivation treatment was set to a level of 10 
iM or less, it was possible to prevent the occurrence of roughness of the 
inner surface, and to prevent the generation of deposits. 

Additionally, it was confirmed that if fluoride passivation 
retreatment was conducted after conducting such welding, there was no 
mixture of particles or diist into the gas, and furthermore, it was 
possible to restore resistance to fluorine system gas^. - - - 

In the present invention, the concentration of hydrogen in the back 
shield gas described above is preferably within a range of 0.1 - 20%, more 
preferably within a range of 1% - 20%, still more preferably within a 
range of 3% - 10%, and most preferably within a range of 5% - 10%. 

At concentrations of less than 1%, there are cases in which there 
are remaining deposits. At levels of 5% or more, the deposits carpletely 
disappear. When the concentration is in excess of 20%, the effects are 
saturated. Accordingly, the concentration is preferably 20% or less for 
the purposes of economy. 
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Use of a noble gas^ particularly argon gas^ is preferable as the 
back shield gas. It is possible to employ other gases (for exanple^ 
helium gas ) . 

The flow rate of the back shield gas described above is preferably 6 
L/min or more^ and the upper limit thereof is preferably 10 L/min. By 
setting the flow rate to 6 L/min or more, the metal gases (metal fumes) 
generated during welding are no longer depositoi on the inner surfaces of 
the welded meitibers or the pipes, and it is possible to effectively prevent 
the contamination of the interior of the piping* However, if the flow 
rate is in excess of 10 L/miJi, the effects of preventing fume deposition 
are saturated, so that the flow rate is preferably within a range of 6 
L/min to 10 L/min. 

In the welding method of the present invention, when the ranoval of 
the fluoride passivated film is conducted prior to welding, it is 
preferable that the complete reoaoval of the fluoride passivated film be. 
conducted; however ; even if approximately 10 nm thereof remains, it is 
possible to suppress the generation of deposits and the occurrence of - 
surface roughness, so that removal may be conducted to a level of 10 nm or 
less. 

The welding bead width during welding is preferably 4 ram or less, 
and a width of 2 mt or less is more preferable, and such bead widths are 
preferably adopted iji ttie welding method of the present invention. 

It is necessary to prevent the occurrence of surface roughness and 
the generation of deposits at those parts affected by heat, as well, so 
that it is preferable that the area from which the fluoride passivated 
filia is ranoved be 5 nm or more fron the butt end surfaces. In rwDvinq 
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the fluoride passivated film, it is possible to employ a method in \^Gh 
the predetermined range from the butt end surfaces of the members to be 
^ft/elded is immersed in, for exairple, hot ^ter, or to aiploy a method in 
which iraraersion is conducted in an aqueous solution containing 
hydrofluoric acid and hydrogen peroxide. 

At this time, it is preferable thar the tenperature of the aqueous 
solution be within a range of 60 - SO^'C, and a range of 80 - 90*^0 is more 
preferable. At tQ[ti)eratures less than 60°C, the ronoval requires a large 
amount of time, while if the tonperature is in excess of 90''C, it becomes 
difficult to control the amount raioved. Furthermore, there are cases in 
which the surface b-ecomes rough after removal. Since the welded part 
becomes molten as a result of the welding, this roughness has no effect; 
however, the roughness of the part affected by the heat is, of course, a 
source of particle and dust generation. 

With respect i:o the period of immersion in the aqueous solution, a 
period of 5 minutes or more is preferable, and the upper lindt is 
preferably- 10 minutes. This is dependent .on the. temperature of the _ 
aqueous solution; however, if the period is in excess of 10 minutes, the 
fluoride passivated film may be coirpletely ronoved, and once coitplete 
ranoval has occurred, the surface of the stainless steel which conprises 
the base metal is exposed, and an oxide film may be formed on the surface 
of the base metal. When fluoride passivation retreatment is conducted, at 
the parts affected by heat, a fluoride passivated film is formed on the 
oxide film, and there are cases in which a fluoride passivated film which 
is essentially in accordance with stoichiometric ratios is not formed. 
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Accordingly/ when the removal of the fluoride passivated film by 
means of irmersion in an aqueous solution is conducted, it is preferable 
that the fluoride passivated film remain in a thickness of approximately 
10 nm. 

It is preferable that the fluoride passivated film, which is formed 
on the members to ba welded prior to welding, be formed as described 
below. The surface is first rendered in a mirrored state by means of 
conducting electropolishing or conposite electropolishing of the surface, 
and then, in order to ronove the moisture deposited on or adsorbed to the 
surface, heating (baking) is conducted for a period of approximately 10 
hours at a tcirperature of approximately 250 °C in a 100% nitrogen gas 
atmosphere (having a moisture, concentration of 10 ppb or less, and more 
preferably 10 ppt or less). After backing, heating is conducted for a 
period of approximately 3 hours at a teirperature of approximately ISO^'C in 
a gas containing approximately 1% fluorine (fluorine diluted with 
nitrogen). After this, heating is conducted for a period of approximately 
^ 10 hours^ at a temperature of approximately 250 °C in a 100-% -nitrogen gas 
atmosphere identical to that described above. By means of such treatment, 
the fluorine deposited on the surface is either completely bonded to the 
steel or is removed, and it possible to form a fluoride passivated film 
essentially in accordance with stoichiometric ratios. Such a fluoride 
passivated film exhibits superior resistance to fluoride system gases (for 
exairple, HF gas, and gas). 

Furthermore, the fluoride passivation retreatment which is conducted 
after welding may be conducted in a manner similar to that of the fluoride 
passivation treatment. However, in the case of the fluoride passivation 
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retreatment^ in order to avoid the effects of heat on the fluoride 
passivated film formed, it is preferable that only the welded part, or the 
welded part and the part affected by hear during x-^elding, be heated. 

In accordance with the present invention, a welding method is 
provided for maribers to be welded such as pipes and the like vMch are 
Qiployed in piping systans in, for exanple, semiconductor manufacturing 
lines, in which, in the welding of pipes and maiibers to be welded which 
are s\±>jected to fluoride passivation treatment, there is no inner surface 
roughness or deposits, fluoride passivation retreatment is conducted after 
welding, and there is superior resistance to fluorine syston gases. 

BRIEF DESCRIPTION OF THE DIAGRZ^yiS 

Figure 1 is a diagram showing an observation of the vicinity of the 
welded part, using an optical microscope, when the welding of piping 
subjected to fluoride passivation treatment is conducted using a 
conventional welding method. 

Figure 2 is a diagram showing an observation of the vicinity of the 
welded part, using scanning electron microscopy, when the welding of 
piping subjected to fluoride passivation treatment is conducted using a 
conventional welding method. 

Figure 3 is a diagram showing the r^ults of the measurement of 
particles in various welding sarnples in accordance with the present 
invention. 

Figure 4 is a diagram showing an experimental systeoii in \diich metal 
generated during the welding of piping subjected to fluoride passivation 
treatment is sprayed onto silicon wafers. 
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Figure 5 is a diagram showing an observation of the vicinity of the 
welded part, using scanning electron microscopy, viien the welding of 
piping subjected to fluoride passivation treatment is conducted with the 
addition of 5% hydrogen. 

Figure 6 is a diagram indicating the changes over time in the 
ccn^josition when piping subjected to fluoride passivation treatment is 
inniersed in hot water (80°C). 

Figure 7 is a diagram showing tiie changes over time of the 
conposition when piping subjected to fluoride passivation treatment is 
immersed in hot water (80°C). 

Figure 8 is a diagram showing an observation, using optical 
microscopy, of tJie vicinity of the welded part when the welding of pipiJig 
subjected to fluorxde passivation treatment is conducted after the ranoval 
of the fluoride passivated film using hot water (80°C). 

Figure 9 is a diagram showing the changes over time in the 
con^sition when piping subjected to fluoride passivation treatment is 
immersed in a mixed aqueous solution of - hydrofluoric acid and hydrogen 
peroxide. 

Figure 10 is a diagram showing an observation, using cptical 
microscopy, of the vicinity of the welded part when the welding of piping 
subjected to fluoride passivation treatment is conducted after the removal 
of the fluoride passivated film using a mixed aqueous solution of 
hydrofluoric acid and hydrogen peroxide. 

Figure 11 is a diagram showing the results of the assessment, using 
photoelectronic spectral analysis, of a welded part which was subjected to 
fluoride passivation retreatment after welding. 
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Figure 12 is a diagram showing an observation^ using scanning 
electron microscopy, of the vicinity of the \n^lded part when the welding 
of piping subjected to fluoride passivation treatment is conducted with 
the addition of 0.1% of hydrogen. 

Figure 13 is a diagram showing an observation, using scanning 
electron microscopy, of the vicinity of the welded part when the welding 
of piping subjected to fluoride passivation treatment is conducted with 
the addition of 0.5% of hydrogen. 

(Description of the Beferences) 

401 welding head, 

402 welding electrode, 

403 pipe, 

404 silicon wafer, 

405 back shield gas flow direction. 

BSST mm FOR CARRYING OUT THE INVEISITIOM 
' Hereinbelow, a welding -method for pipes and members to be welded 
subjected to fluoride passivation treatment, and fluoride passivation 
retreatment technology, in accordance with the present invention will be 
explained with reference to the figures. The present invention is not 
necessarily limited to the anbodiments described. 

The welding in the present embodiments was conducted using a welding 
power source (SPB-100-T4) and welding apparatus (K8752T) produced by ^tro 
Arc. Co. The bead width was set at approximately 2 mm. 
(Embodiment 1) 
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An axistenitic stainless steel tube having a length of 12 cm and a 
diameter of 1/4 inch was prepared. 

The inner surface of this tube v^as subjected to electropolishing^ 
and the surface roughness thereof was set to an Rroax of 0.7 micrometers. 
After electropolishing, this was maintained for a period of 10 hours at a 
tai5)erature of 250 in an atmosphere of 100% nitrogen gas having a 
iraisture concentration of 10 ppb or less. 

Next^ this was maintained at a taiperature of 150 for a period of 
3 hours in an atmosphere of 1% fluorine gas in nitrogen gas to produce a 
fluoride passivated filnu 

Subsequently^ treatment was conducted for a period of 10 hours at 
200''C in a 100% nitrogen gas atmosphere having a i?)oistare concentration of _ 
10 ppb or less. 

As a result of the treatment descriled above, a fluoride passivated 
film having a thicioiess of approximately 20 nm was formed on the inner 
surface. 

Hiis piping waa subjected to butt \\?elding at a welding rotational 
speed of 30 rpm, and at positions separated by 2 cm from the welded pipe 
(14 cm from the welded parts), a back shield gas was sprayed on silicon 
wafers (at 6 L/min) (Figure 4). 

At this time, the hydrogen concentration in the back shield gas was 
altered as shown iri Table 1. Using the TREX 610 produced by the TECNOS 
Corp., an assessment was conducted of the amount of metallic contaminants 
during welding using total reflection fluorescent X-ray spectroscopy, and 
the results thereof are shown in Table 1. 
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(Table 1) 



AniDunt. of 
Metal 


Hydrogen 
Ccncaitrati 
on 


Stardard 
Welding 
Hydro^n 
Concentrati 
on 

5% 


0% 


1% 


3% 


5% 


10% 


Fe 


128.5 


106.5 


76.3 


52.2 


28.6 


15.4 


Cr 


21.7 


20.7 


20.8 


11.9 


15.6 


21.1 


Ni 


0.1 


0.2 


0.8 


0.4 


0.4 


0.6 


Mn 


2.6 


2.5 


2.1 


2.1 


1.7 


2.4 



(The units are xlO^*^ atom/orf) 



In Table 1, the saitple inciicated by "standard welding hydrogen 
concentration 5%" v^^as a welding meaifoer in the electropolished state on 
which no fluoride passivated film had been formed. 

It can be seen from Table 1 that in the state in which hydrogen "was 
not added, in coitparison with standard welding (omploying austenitic 
stamLess steel tidying which was siJDjected to electropolishing) r where the 
amount of metallic contaminants was approxinaately 10 times higher, by 
means of increasing the amount of added hydrogen, these contaminant levels 
reached levels essentially similar to those of standard welding. 

However, this effect becomes satxirated vdien levels of 5% or more are 
added, and from the point of view of econoiiy, it is assumed that an amount 
of added hydrogen within a range of 5% - 10% is optioaal. 

Furthermore, v^^en an observation of the vicinity of the welded part 
was conducted using scannojig electron microscopy after welding, almost no 
deposited material was observed as a result of the addition of 5% or more 
of hydrogen (Figure 5), Furthermore, there was no sixcface roughness. 

After welding, fluoride passivation retreatment was conducted under 
conditions identical to those of the formation of the initial fluoride 
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passivated film, and vAien the generation of particles and dust was 
assessed/ no particles or dust could be detected. 

Furthennore, when 20% or 30% of hydrogen was added, the results 
obtained were identical to those obtained when 10% of hydrogen was added. 

(Embodiment 2) 

Experimentation identical to that of embodiment 1 was conducted, and 
the results obtained when the flow rate of the back shield gas was altered 
(the hydrogen concentration was 5%) are shown in Table 2. 



SniDunt of 
Metal 


Back Shield 
Gas Flew 
Rats 


standard 
Welding 
Flew Sate 

6 L/min 


1 L/min 


3 L/min 


6 L/min 


10 L/min 


20 L/min 


Fe 


3.7 


3.6 


20.4 


24.2 


22.3 


15.4 


Cr 


5.6 


4.1 


5.8 


8.9 


11.5 


21.1 


Ni 


0.3 


0.3 


0.1 


0.4 


0.4 


0.6 




0.3 


0.4 


1.0 


1.4 


1.3 


2.4 



(The units are xlO^" atom/crf) 



From Table 2, it can be seen that vAien the flow rate is increased, 
the amount of metal deposited on the silicon wafer is increased, and the 
contamination of the inner surface of the pipe is prevented. There is 
almost no change when the flow rate is increased to a level of greater 
than 10 L/min, and it is thus presumed that the optimal flow rate for th( 
back shield gas is within a range of 6 L/min - 10 L/min. 

(Enibodiment 3) 
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An austenitic stainless steel tube having a diameter of 1/4 inch was 
prepared, and this was subjected to fluoride passivation treatn^t to a 
thickness of approximately 200 nm. 

The formation of the fluoride passivated film was conducted in the 
following manner. 

Uie inner surface of the tube was subjected to electropolishing, and 
the surface roughness was set to an Rnnax of 0.7 micrometers. After 
electropolishing, this was maintained for a period of 10 hours at a 
tenperature of 350^C in a 100% nitrogen gas atmosphere with a moisture 
concentration of 10 jpb or less. 

Next, this was maintained for a period of 80 minutes at 220"'C in a 
100% fluorine gas atmosphere to produce a fluoride passivated film. 

After this, the tube was subjected to treatment for a period of 10 
hours at a tat^jerature of 300°C in a 100% nitrogen gas atmosphere with a 
moisture concentration of 10 ppb or less. 

Such tubes were inanersed in the variety of chemical solutions shown 
in Table 3, and the results -thereof are shown in Table 3. 

Generally, pipes on vMch 200 nm thick fluoride passivated film has 
been formed appear greenish; in the table, the circle indicates the 
disappearance of this color on visual ir^pection vAiile the x symbol 
indicates that there was no change. 



(Table 3) 



Aqueous Solution 


Concentration 


Immersion Period 


Results of the 
Observation 


NaOH 


1 mol/L 


5 min. 


X 


NH4OH 


1 mol/L 


5 min. 


X 


HF 


1 mol/L 


5 min. 


X 


HjSO^ 


1 mol/L 


5 min. 


X 


Electrolytic 




5 min. 


X 
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Anode Water, pH 
6 








Electrolytic 
Cathcxie Water, 
pH 10 (NH, added) 




5 min. 


X 


Ultrapure \iira.ter 
(25°C) 




5 min« 


X 


Ultrapure water 
(80°C) 




5 min. 


0 


HNO3 


1 ml/L 


5 min. 


X 


NaNO^ 


1 mol/L 


5 min. 


X 


HNO, 


1 inol/L 


5 min. 


V 
A 


Na^SO^ 


1 iiiDl/L 


5 min. 


X 


(NHJN03 


1 mol/L 


5 min. 


X 


(NH,),SO, 


1 HDl/L 


5 min. 


X 


Naci 


1 mol/L 


5 min. 


X 


FPM, 0.5% HF, 

10% H^Oj 




10 min. 


0 



It can be seen from Table 3 that the only chotdcal solutions which 
were able to ronove the fluoride passivared films were hot water at a 
teii^jerature of 80 °C and a mixed aqueous solution of hydrofluoric acid and 

hydrogen peroxide. 

After welding the various tubes, fluoride passivation retreatment 
was conducted, and the generation of particles and dust was assessed; the 
amount of particles and dust generated was dramatically reduced in the 
cases marked with a circle in Table 3 in conparison with those cases 
marked with an x. 

(Embodiment 4) 

The formation of the fluoride passivated film in this embodiment was 
identical to that in embodiment 3. 

A sample, caE5)rising a austenitic stainless steel tube having a 
diameter of 1/4 inch on vdiich was formed a fluoride passivated film having 
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a thickness of approximately 200 nm, was immersed in hot water having a 
ten5)erature of 80 and was assayed using photoelectronic spectroscopy 
using an ESCA-IOOOS produced by Shimazu Seisakujo (Figures 6 and 7). 

It can be seen frm Figures 6 and 7 that as a result of immersion 
for 5 minutes, almost no fluorine was detected on the surface, and this 
remains unchanged even after immersion for a period of 10 minutes. 

The pipes \fl*iich had been immersed for a period of 5 minutes were 
welded, and when the vicinity of the welded part was observed using 
optical microscopy, no surface roughness was observed (Figure 8), and by 
means of this, it can be seen that even if approximately 10 nm of fluorine 
remains on the surface, there is no effect in the welding. 

It can be se^i fraa this that the optimum immersion period is within 
a range of 5 - 10 minutes. 

(Embodiment 5) 

In the same manner as embodiment 4, immersion was conducted for a 
period of 10 minutes in an aqueous solution to vSiich 0.5% of hydrofluoric 
acid and 10% of hydrogen peroxide had been added, and this was assayed - 
(Figure 9). Using this piping, welding was conducted, and vdien the 
vicinity of the welded part was observed using optical microscoEy, 
absolutely no svirface roughness was observed (Figure 10). 

(Embodiment 6) 

Piping ccai¥)rising stainless steel rubing having a diameter of 1/4 
inch which was subjected to fluoride passivation treatment and v*iich was 
welded using standard welding methods, similar piping which was welded 
with the addition of hydrogen, and piping which was welded after the 
removal of the passivated oxide film were subjected to a particle assay 
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within the piping using the HIGH PRESSURE GAS PROBE 101 produced by 
Particle Measuring Systons Inc. (Figure 3). 

9 welding points were at^loyed, the flow rate was 0.1 cf/min, and 
the diameter of the measured particles was 0.1 micrometers. 

The measuranent period was 10 minutes. 

In the conventional welding method, when hainnering was conducted, 60 
particles were detected; however, no parcicles were detected at the welded 
parts in accordance with the present invention. 

From this, it can be seen that by means of the welding technology in 
accordance with the present invention, ir is possible to supply a piping 
system for use in semiconductor manufactxiring lines. 

(Embodiment 7) 

After welding, nitrogen gas containing 1% fluorine was caused to 
flow through piping from which the passivated oxide film had been removed, 
at a flow rate of 20 cc/min, and at a. teaperature of 200°C, and when the 
welded parts were subjected to a photoelectronic spectral analysis, ir was 
determined that a fluoride passr.'atsd film having a thJ.ckness of 
approximately 50 mi was formed (Figure 11). 

(Embodiment 8) 

Austenitic stainless steel tubes having a length of 12 cm and a 
diameter of 1/4 inch were prepared. 

The inner surfaces of these tubes were subjected to 
electropolishing, and the surface roughness thereof was set to an Rmax of 
0.7 micrometers. After electropolishing, these were maintained for a 
period of 10 hours at a tQi5)erature of 250°c in a 100% nitrogen gas 
atmosphere having a noisture concentration of 10 ppb or less. 
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Next, these were kept for a period of 3 hours at a tenperature of 
150 °C in an atmosphere of 1% fluorine gas in nitrogen gas, and a fluoride 
passivated film was formed. 

Subsequently, treatment was conducted for a period of 10 hours at a 
toiperatxire of 200 ''C in an atmosphere of 100% nitrogen gas having a 
moisture concentration of 10 ppb or less. 

By means of the treatment described above, a fluoride passivated 
film having a thickness of approximately 20 nm was fornaed on the ijmer 
surfaces. These pipes were subjected to butt welding at a welding 
rotational speed of 30 rpm, and at positions 2 cm from the welded pipes 
(14 cm from the welded parts), a back shield gas was sprayed onto silicon 
wafers (at 6 L/min) (Figure 4). 

At this time, the hydrogen concentration in the back shield gas was 
altered as shown ir. Table 1, Using the TREX 610 produced by the TECNOS 
Corp., the amount cf metallic contaminanrs during welding was assayed 
using total reflection fluorescent X-ray spectroscopy, and the results 
thereof are shown in Table 4 . - 



(Table 4) 



itniounb of 
Metal 






Hydrogen 
Concentrati 
on 






Standard 
folding 
Hydrogen 
Concentrati 
on 




0% 


0.1% 


0.3% 


0.5% 


1% 


5% 


Fe 


130.5 


120.2 


105.3 


116.8 


98.7 


13.2 


Cr 


23.4 


24.3 


20.6 


21.3 


22.5 


20.3 


Ni 


0.5 


0.1 


0.3 


0.2 


0.3 


0.5 


Mn 


2.5 


2.3 


2.1 


2.4 


2.5 


2.3 



(The units are xlO^" atcam/aif ) 
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In Table 4, the saiiple indicated by "standard welding hydrogen 
concentration 5%" indicates a welding member which was electropolished and 
on which no fluoride passivated film was formed. 

Furthermore^ the vicinity of the welded part was observed using 
scanning electron microscopy after weldijag, and as a result of adding 0,1% 
or more of hydrogen^ almost no deposited materials were observed. 
Furthermore^ there was no surface roughness {Figures 12 r 13 )• 

After welding, fluoride passivation treatment was conducted under 
conditions identical to those of the initial fluoride passivated film 
formation, and ^en the occurrence of particles and dust was investigated, 
no particles or dust were detected. 
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